(19) 



J 



Europaisches Patentamt 
European Patent Offic 
Office uropeen des brevets 



(12) 



(ID EP 0 874 428 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
26.02.2003 Bulletin 2003/09 

(21) Application number: 981 06843.0 

(22) Date of filing: 15.04.1998 



(51) mtci 7: H01S 5/183, H01S 5/343, 
H01L 33/00 



(54) Long wavelength vertical cavity surface emitting semiconductor laser (VCSEL) 

Langweiiiger oberflachenemittierender Halbieiterlaser mit vertikalem Resonator (VCSEL) 
Laser a semi-conducteur a emission par la surface (VCSEL) a grande longueurs d'ondes 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 23.04.1997 US 839112 

(43) Date of publication of application: 
28.10.1998 Bulletin 1998/44 

(73) Proprietor: MOTOROLA, INC. 
Schaumburg, IL 60196 (US) 

(72) Inventors: 

• Ramdani, Jama! 

Gilbert, Arizona, 85233 (US) 

• Lebby, Michael S. 

Apache Junction, Arizona 85219 (US) 

• Jiang, Wenbin 

Phoenix, Arizona, 85044 (US) 

(74) Representative: Williamson, Simeon 
Motorola European Intellectual 
Property Operations 

Midpoint 
Alencon Link 

Basingstoke, Hampshire RG21 7PL (GB) 



m 

00 
CM 

CO 

o 

la. 



(56) References cited: 
EP-A- 0 723 303 



US-A-5 383 211 



• T MIYAMOTO, T. TAKADA, ET AL: "Design and 
expected characteristics of 1.3 mum 
GalnNAs/GaAs vertical cavity surface emitting 
lasers" QUANTUM OPTOELECTRONICS 1997, 
TECHNICAL DIGEST SERIES, 
POSTCONFERENCE EDITION, , vol. 9, 19 - 21 
March 1997, page 126-128 XP002075850 Incline 
Village NV USA 

• KONDOW M ET AL: "A NOVEL MATERIAL OF 
GAIN AS FOR LONG-WAVELENGTH-RANGE 
LASER DIODES WITH EXCELLENT 
HIGH-TEMEPRATURE PERFORMANCE" 
INTERNATIONAL CONFERENCE ON SOLID 
STATE DEVICES AND MATERIALS, 21 August 
1995, pages 1016-1018, XP000544869 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 



BEST AVAILABLE COPY 



1 



EP 0 874 428 B1 



2 



Description 

Field of the Invention 

[0001 ] This invention relates to vertical cavity surface 
emitting lasers and more specifically to vertical cavity 
surface emitting lasers for emitting long, wavelength 
light. 

Background of the Invention 

[0002] Vertical cavity surface emitting lasers (VCSEL) 
include a first distributed Bragg reflector (DBR), also re- 
ferred to as a mirror stack, formed on top of a substrate 
by semiconductor manufacturing techniques, an active 
region formed on top of the first mirror stack, and a sec- 
ond mirror stack formed on top of the active region. The 
VCSEL is driven by a current forced through the active 
region, typically achieved by providing a first contact on 
the reverse side of the substrate and a second contact 
on top of the second mirror stack. 
[0003] The use of mirror stacks in VCSELs is well es- 
tablished in the art. Typically, mirror stacks are formed 
of multiple pairs of layers often referred to as mirror 
pairs. The pairs of layers are formed of a material sys- 
tem generally consisting of two materials having differ- 
ent indices of refraction and being easily lattice matched 
to the other portions of the VCSEL. For example, a GaAs 
based VCSEL typically uses an AlAs/GaAs or AIGaAs/ 
AlAs material system wherein the different refractive in- 
dex of each layer of a pair is achieved by altering the 
aluminum content in the layers. In conventional devices, 
the number of mirror pairs per stack may range from 
20-40 to achieve a high percentage of reflectivity, de- 
pending on the difference between the refractive indices 
of the layers. The large number of pairs increases the 
percentage of reflected light. 

[0004] In conventional VCSELs, conventional materi- 
al systems perform adequately. However, new products 
are being developed requiring VCSELs which emit light 
having long wavelengths. VCSELs emitting light having 
a long wavelength are of great interest in the optical tel- 
ecommunication industry. As an example, a long wave- 
length VCSEL can be obtained by using a VCSEL hav- 
ing an InP active region. When an InP active region is 
used, an InP/inGaAsP material system must be used 
for the mirror stacks in order to achieve a lattice match. 
In this system, however, it is practically impossible to 
achieve decent DBR based mirrors because of the in- 
significant difference in the refractive indices in this ma- 
terial system. Many attempts have been made to ad- 
dress this problem including a wafer bonding technique 
in which a DBR mirror is grown on a separate substrate 
and bonded to the active region. This technique has had 
only limited success and also the interface defects den- 
sity in the wafer fusion procedure causes potential reli- 
ability problems. 

[0005] Quantum Optoelectronics 1997, Technical Di- 



gest Series, vol. 9, pages 126-1 28, Miyamoto et al. /'De- 
sign and Expected Characteristics of 1.3u.m GalnNAs/ 
GaAs Vertical Cavity Surface Emitting Lasers 1 ' disclsos- 
es a vertical cavity surface emitting laser and a method 
5 of fabricating a vertical cavity surface emitting laser 
[0006] It would be highly advantageous, therefore, to 
remedy the foregoing and other deficiencies inherent in 
the prior art. 

[0007] Accordingly, it is an object of the present inven- 
10 tion to provide a new and improved long wavelength VC- 
SEL. 

[0008] Another object of the invention is to provide a 

reliable long wavelength VCSEL. 

[0009] Still another object of the immediate invention 
*5 is to provide an efficient active region and mirror stacks 

for use in a long wavelength VCSEL. 

[001 0] Yet another object of the invention is to reduce 

the complexity of fabricating a long wavelength VCSEL. 

[0011] Another object of the present invention is to 
20 provide an active region which emits long wavelength 

light and a mirror stack which can be lattice matched 

thereto. 
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Summary of the Invention 



[0012] In a first aspect, the present invention provides 
a vertical cavity surface emitting laser for emitting long 
wavelength light, as claimed in claim 1 . 
[0013] In a further aspect, the present invention pro- 
30 vides a method of fabricating a vertical cavity surface 
emitting laser for emitting long wavelength light, as 
claimed in claim 6. 
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Brief Description of the Drawings 



[0014] The foregoing and further and more specific 
objects and advantages of the instant invention will be- 
come readily apparent to those skilled in the art from the 
following detailed description of a preferred embodi- 
40 ment thereof taken in conjunction with the drawings, in 
which: 



FIG . 1 is a sectional view of a VCSEL in accordance 
with the present invention; and 
FIG. 2 is a sectional view of the active region of the 
VCSEL of FIG. 1 in accordance with the present in- 
vention. 
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Detailed Description of the Preferred Embodiment 



[0015] Turning now to the drawings in which like 
reference . characters indicate corresponding elements 
throughout the several views, attention is first directed 
to FIG. 1 which illustrates a long wavelength vertical 
55 cavity surface emitting laser (VCSEL) generally desig- 
nated 10. VCSEL 10 is formed on a substrate 12, which 
in this specific embodiment, is GaAs (111). GaAs (111) 
is used to facilitate epitaxial growth of the components 
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of VCSEL 10 which emits light in a long wavelengths 
approximately in the range of 1 .3 urn-l .55 u.m. It should 
be understood that GaAs (111) is further employed as 
substrate 12 in that the (111) surface crystal orientation 
will allow for longer wavelength continuous wave (CW) 
operation at normal operating temperatures. In addition, 
the use of a (111) oriented substrate will allow for the 
extension of an emitted wavelength up to 1 .1 urn, which 
is extremely hard to achieve on a (100) substrate sur- 
face crystal orientation. 

[001 6] Substrate 1 2 has an upper surf ace 1 3 on which 
a mirror stack 14 is disposed. Mirror stack 14 includes 
a plurality of mirror pairs in a GaAs/AIGaAs material sys- 
tem. An active region 20 is disposed on mirror stack 14. 
Active region 20, as further detailed in FIG. 2, includes 
an active structure 23 sandwiched between a first clad- 
ding region 24 adjacent first mirror stack 14 and a sec- 
ond cladding region 25. A second mirror stack 26 is dis- 
posed on second cladding region 25 and includes mirror 
pairs in a GaAs/AIGaAs material system. 
[0017] Mirror stack 14 is grown by epitaxially depos- 
iting pairs of layers on substrate 12. In order to crystal 
lattice match mirror stack 14 to substrate 12 a suitable 
semiconductor material system must be deposited. In 
this specific example, substrate 12 is GaAs (111) and, 
therefore, a GaAs/AIGaAs material system is employed. 
Approximately 20-40 mirror pairs of this material system 
are deposited on substrate 12 depending on the differ- 
ence between the refractive indices of the layers. The 
different refractive index the layers of each pair is 
achieved by altering the aluminum content. In this spe- 
cific embodiment, a GaAl 7 As layer and a GaAs layer 
forming a mirror pair is preferred. The large number of 
pairs increases the percentage of reflected light. 
[0018] Referring again to FIGS. 1 and 2, cladding re- 
gion 24 includes one or more layers which may be grad- 
ed if necessary for more efficient carrier confinement in 
active structure 23. In this specific embodiment, clad- 
ding region 24 is formed of a GaAs material system. For 
example cladding region 24 includes a first layer 30 
formed of GaAs to lattice match mirror stack 14, and a 
second layer 31 formed of a material having a gradient 
to efficiently confine the carriers in active structure 23. 
[0019] Active structure 23 : in this embodiment, in- 
cludes three nitride based quantum well layers 35, 36, 
and 37, separated by barrier layers 38 and 39. For ex- 
ample quantum well layers 35, 36, and 37 and barrier 
layers 38 and 39 are each approximately 1 00A and the 
total thickness of active region 20 is approximately one 
wavelength of the emitted light or a multiple thereof. 
Quantum well layers 35, 36, and 37 are formed of 
Ga 1 . y ln y As 1 . x (N) x . One skilled in the art will understand 
that more or fewer quantum well layers and barrier lay- 
ers can be used depending upon the application. Active 
region 20 and first and second mirror stacks 14 and 26 
respectively are configured to emit light with a wave- 
length in a range of approximately 1.3-1 .55 microme- 
ters. To achieve this range the quantum wells are con- 



figured with a direct energy band-gap in a range of ap- 
proximately 1 .42 eV with y=0 to 0.7 eV with y=0.3. The 
mole fraction of Indium (0-30%) is higher than that re- 
quired when the VCSEL structure is grown on a (100) 

5 orientation substrate element. In that the incorporation 
of a nitride based quantum welt active region is difficult 
at low growth temperatures, the use of the GaAs (111) 
substrate further facilitates the achievement of 1 .3 u.m 
operation by adding a small fraction of Nitrogen to the 

10 InGaAs. This fraction is much lower than the one re- 
quired for the GaAs (1 00). 

[0020] Cladding region 25 includes one or more lay- 
ers which may be graded if necessary for more efficient 
carrier confinement in active structure 23. In this specific 

is embodiment, cladding region 25 is formed of a GaAs 
material system. For example cladding region 25 in- 
cludes a first layer 40 formed of GaAs to lattice match 
mirror stack 26, and a second layer 41 formed of a ma- 
terial having a gradient to more efficiently confine carri- 

20 ers in active structure 23. 

[0021] Mirror stack 26 is grown by epitaxially depos- 
iting pairs of layers on cladding region 25. In order to 
crystal lattice match mirror stack 26 to active structure 
23, a suitable semiconductor material system must be 

25 deposited. In this specific example, cladding region 25 
is GaAs based and, therefore, a GaAs/AIGaAs material 
system is employed. Approximately 20-40 mirror pairs 
of this material system are deposited on cladding region 
25 depending on the difference between the refractive X 

30 indices of the layers. The different refractive index the 

layers of each pair is achieved by altering the aluminum ■< 
content. In this specific embodiment, a GaAl 7 As layer 
and a GaAs layer forming a mirror pair is preferred. The 
large number of pairs increases the percentage of re- 

35 fleeted light. - 
[0022] To complete VCSEL 10, a contact layer 45 is * 
positioned on mirror stack 26, and a contact layer 46 is 
positioned on substrate 1 2, for example on the rear sur- 4 & 
face thereof. As will be understood by those skilled in * 

40 the art contact 45 is so constructed as to permit the ** 
emission of light from VCSEL 10. 
[0023] Various changes and modifications to the em- 
bodiments herein chosen for purposes of illustration will 
readily occur to those skilled in the art. For example, it 

45 should be understood that VCSEL structure symmetry 
exists for both the p and n dopants as well as electrically 
inverted structure designs. To the extent that such mod- 
ifications and variations do not depart from the spirit of 
the invention, they are intended to be included within the 

50 scope thereof which is assessed only by a fair interpre- 
tation of the following claims. 

[0024] While we have shown and described specific 
embodiments of the present invention, further modifica- 
tions and improvements will occur to those skilled in the 
55 art. We desire it to be understood, therefore, that this 
invention is not limited to the particular forms shown and 
we intend in the append claims to cover all modifications 
that do not depart from the scope of this invention. 
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Claims 

1 . A vertical cavity surface emitting laser for emitting 
long wavelength light, the vertical cavity surface 
emitting laser comprising: 

a GaAs substrate (12); 

a first mirror stack (14) disposed on the GaAs 
substrate (12); 

a GalnAsN active region (20) including a nitride 
based quantum well (35, 36, & 37), the active 
region (20) being disposed on the first mirror 
stack (14); and 

a second mirror stack (26) disposed on the ac- 
tive region (20); 

characterized in that: 

the GaAs substrate is a GaAs (111) substrate; 
and 

the active region (20) and the first and second 
mirror stacks (14 & 26) are configured to emit 
light with a wavelength in a range of approxi- 
mately 1 .3-1 .55 micrometers. 

2. A vertical cavity surface emitting laser claimed in 
claim 1 further characterized in that the nitride 
based quantum (35, 36, & 37) is configured with a 
direct energy band-gap in a range of approximately 
1.42-0.7 eV. 

3. A vertical cavity surface emitting laser as claimed 
in claim 1 wherein the nitride based quantum well 
(35, 36 & 37) includes Ga l . y ln y As 1 . x (N) x . 

4. A vertical cavity surface emitting laser as claimed 
in claim 1 further characterized in that the nitride 
based quantum well (35, 36 & 37) includes 

Ga O.7 ,n 0.3 N x As x-V 

5. A vertical cavity surface emitting laser as claimed 
in claim 4 further characterized in that x has a 

range of 0.001-0.1 . 

6. A method of fabricating a vertical cavity surface 
emitting laser for emitting long wavelength light, the 
method comprising the steps of: 

providing a GaAs substrate (12) having a sur- 
face (13); 

epitaxially growing a first mirror stack (14) on 
the surf ace (13); 

epitaxially growing a GalnAsN active region 
(23) including a nitride based quantum well (35, 
36, & 37) on the first mirror stack (14); and 
epitaxially growing a second mirror stack (26) 
on the active region (23); 



characterized in that: 

the GaAs substrate is provided as a GaAs (111) 
substrate; and 

5 the active region (20) and the first and second 

mirror stacks (14 & 26) are configured to emit 
light with a wavelength in a range of approxi- 
mately 1.3-1.55 micrometers. 

10 7. A method of fabricating a vertical cavity surface 
emitting laser for emitting long wavelength light as 
claimed in claim 6 further characterized in that the 
step of epitaxially growing a GalnAsN active region 
(23) includes epitaxially growing the nitride based 

15 quantum well (35, 36, & 37) including Ga^lnyAs^ 
(N) x . 

8. A method of fabricating a vertical cavity surface 
emitting laser for emitting long wavelength light as 
20 claimed in claim 6 further characterized in that the 
step of epitaxially growing a GalnAsN region (23) 
includes epitaxially growing the nitride based quan- 
tum well (35, 36, & 37) including Ga^ylnyN,, As x . v 

25 

Patentansp ruche 

1 . Oberf lachenemittierender Laser mit vertikalem Re- 
sonator zum Aussenden langweiligen Lichts, wobei 

30 der oberflachenemittierende Laser mit vertikalem 
Resonator folgende Merkmaie umfasst: 

ein GaAs-Substrat (12); 

einen ersten Spiegelstapel (14), der auf dem 

35 GaAs-Substrat (12) angeordnet ist; 

einen aktiven Bereich (20) aus GalnAsN, der 
eine auf Nitrid basierende Quantenmulde (35, 
36 & 37) enthalt wobei der aktive Bereich (20) 
auf dem ersten Spiegelstapel (14) angeordnet 

40 ist; und 

einen zweiten Spiegelstapel (26), der auf dem 
aktiven Bereich (20) angeordnet ist; 

dadurch gekennzeichnet, dass: 

45 

das GaAs-Substrat ein GaAs-(111)-Substrat 
ist; und 

der aktive Bereich (20) und der erste und zweite 
Spiegelstapel (1 4 & 26) so ausgebildet sind, urn 
50 langwelliges Licht im Bereich von etwa 1 ,3 - 

1 ,55 Mikrometer auszusenden. 

2. Oberf lachenemittie render Laser mit vertikalem Re- 
sonator gemaB Anspruch 1 , weiterhin dadurch ge- 

55 kennzeichnet, dass das auf Nitrid basierende 
Quant (35, 36 & 37) fur eine direkte Energieband- 
lucke im Bereich von etwa 1 ,42 bis 0,7 eV ausgelegt 
ist. 
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3. Oberflachenemittierender Laser mit vertikalem Re- 
sonator gemaB Anspruch 1 , bei dem die auf Nitrid 
basierende Quantenmulde (35, 36 & 37) 
Ga Vy ln y As 1 . x (N) x enthalt. 

5 

4. Oberflachenemittierender Laser mit vertikalem Re- 
sonator gemaft Anspruch 1 , weiterhin dadurch ge- 
kennzeichnet, dass die auf Nitrid basierende 
Quantenmulde (35, 36 & 37) Gag 7 ln 0 3 N X AS X .., ent- 
halt. ' 10 



mulde (35, 36 & 37), die Gao 7 ln 0 ^AS^ enthalt, 
einschlieftt. 



Revendications 

1 . Laser a emission en surface a cavite verticale per- 
mettant d'emettre une lumiere de grande longueur 
d'onde, le laser a emission en surface a cavite ver- 
ticale comprenant: 



5. Oberflachenemittierender Laser mit vertikalem Re- 
sonator gemaB Anspruch 4, weiterhin dadurch ge- 
kennzeichnet, dass x im Bereich von 0,001 - 0,1 
liegt. 15 

6. Verfahren zur Herstellung eines oberflachenemit- 
tierenden Lasers mit vertikalem Resonator zum 
Aussenden langwelligen Lichts, wobei das Verfah- 
ren die Schritte umfasst: 20 



un substrat (12) en GaAs; 

une premiere pile de miroirs (14) disposee sur 

le substrat (12) en GaAs; 

une region active (20) en GalnAsN comportant 

un puits quantique a base de nitrure (35 : 36 et 

37), la region active (20) etant disposee sur la 

premiere pile de miroirs (14); et 

une deuxieme pile de miroirs (26) disposee sur 

la region active (20); 



Bereitstellen eines GaAs-Substrates (12), das 
eine Oberflache (13) aufweist; 
epitaktisches Aufwachsen eines ersten Spie- 
gelstapels (14) auf die Oberflache (13); 25 
epitaktisches Aufwachsen eines aktiven Be- 
reichs (23) aus GalnAsN, dereine auf Nitrid ba- 
sierende Quantenmulde (35, 36 & 37) auf dem 
ersten Spiegelstapel (14) enthalt; und 
epitaktisches Aufwachsen eines zweiten Spie- 30 
gelstapels (26) auf dem aktiven Bereich (23); 

dadurch gekennzeichnet, dass 

das GaAs-Substrat als GaAs-(1 1 1 )-Substrat 35 
bereitgestellt wird; und 

der aktive Bereich (20) und der erste und zweite 
Spiegelstapel (1 4 & 26) so ausgebildet sind, um 
Licht mit einer Wellenlahge im Bereich von et- 
wa 1 ,3 - 1 ,55 Mikrometer auszusenden. 40 

7. Verfahren zur Herstellung eines oberflachenemit- 
tierenden Lasers mit vertikalem Resonator zum 
Aussenden langwelligen Lichts gemaB Anspruch 6, 
weiterhin dadurch gekennzeichnet, dass der 45 
Schritt des epitaktischen Aufwachsens eines akti- . 
ven Bereichs (23) aus GalnAsN ein epitaktisches 
Aufwachsen der auf Nitrid basierenden Quanten- 
mulde (35, 36 & 37), die Ga^ylnyAs^N)* enthalt, 
einschlieGt. 50 

8. Verfahren zur Herstellung eines oberflache nemit- 
tierenden Lasers mit vertikalem Resonator zum 
Aussenden langwelligen Lichts entsprechend An- 
spruch 6, weiterhin dadurch gekennzeichnet, 55 
dass der Schritt des epitaktischen Aufwachsens ei- 
nes Bereichs (23) aus GalnAsN ein epitaktisches 
Aufwachsen der auf Nitrid basierenden Quanten- 



caracterise en ce que: 

le substrat en GaAs est un substrat en GaAs 
(111); et 

la region active (20) et les premiere et deuxie- 
me piles de miroirs (14 et 26) sont configurees 
de facon a emettre de la lumiere avec une^lbn- 
gueur d'onde comprise dans un intervalle o"en- 
viron 1 ,3 a 1 ,55 urn 

2. Laser a emission en surface a cavite verticale selon 
la revendication 1 , caracterise en outre en ce que 
le puits quantique a base de nitrure (35, 36 et 37) 
est configure de facon a avoir une bande interdite 
d'energie directe comprise dans un intervalle d'en- 
viron 1,42 a 0,7eV. 

3. Laser a emission en surface a cavite verticale selon 
la revendication 1 , ou le puits quantique a base de 
nitrure (35, 36 et 37) comporte Ga^lnyAs^N)^ 

4. Laser a emission en surface a cavite verticale selon 
la revendication 1 , caracterise en outre en ce que 
le puits quantique a base de nitrure (35, 36 et 37) 
comporte Gao ,7 ,n o,3 N x As i-x- 

5. Laser a emission en surface a cavite verticale selon 
la revendication 4, caracterise en outre en ce que 

x est dans I'intervalie de 0,001 a 0,1 . 

6. Procede de fabrication d'un laser a emission en sur- 
face a cavite verticale permettant d'emettre de la 
lumiere de grande longueur d'onde, le procede 
comprenant les operations suivantes ; 

fournir un substrat (1 2) en GaAs possedant une 
surface (13); 
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faire croTtre par epitaxie une premiere pile de 
miroirs (14) sur la surface (13); 
faire croTtre par epitaxie une region active (23) 
en GalnAsN comportant un puits quantique a 
base de nitrure (35, 36 et 37) sur ia premiere s 
pile de miroirs (14); et 

faire croTtre par epitaxie une deuxieme pile de 
miroirs (26) sur la region active (23); 

caracterise en ce que: 10 

le substrat en GaAs est fourni sous la forme 
d'un substrat en GaAs (111); et 
la region active (20) et les premiere et deuxie- 
me piles de miroirs (14 et 26) sont configurees *5 
de facon a emettre de la lumiere avec une lon- 
gueur d'onde comprise dans un intervalle d'en- 
viron 1,3 a 1,55 u.m 

7. Procede de fabrication d'un laser a emission en sur- 20 
face a cavite verticale permettant d'emettre de la 
lumiere de grande longueur d'onde selon la reven- 
dication 6, caracterise en outre en ce que Cope- 
ration de croissance epitaxiale d'une region active 
(23) en GalnAsN comprend la croissance par epi- 25 
taxie du puits quantique a base de nitrure (35, 36 

et 37) comportant Ga^ylnyAs^N),,. 

8. Procede de fabrication d'un laser a emission en sur- 
face a cavite verticale permettant d'emettre de ia 30 
lumiere de grande longueur d'onde selon la reven- 
dication 6, caracterise en outre en ce que I'ope- 
ration de croissance epitaxiale d'une region (23) en 
GalnAsN comprend la croissance epitaxie du puits 
quantique a base de nitrure (35, 36 et 37) compor- 35 
tant Ga-j.ylnyNxAs^. 
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